This work presents a novel Decoupled Empty Substrate Integrated Waveguide (DESIW), which enables AC/DC decoupling in any device that is integrated in it. The decoupling strategy is performed throughout a micro-milling square pattern of easy implementation that increases the insertion losses compared to the standard ESIW. However, the DESIW related losses are still tolerable, allowing the employment of the new periodic structure in many practical applications. In particular, it can be used for the design and manufacturing of reconfigurable devices which need a bias voltage on the whole device, or just on some of its particular areas. A broadband transition from DESIW to microstrip planar lines has been also successfully designed. The new line has been manufactured and measured.
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Introduction: The use of Substrate Integrated Waveguides (SIWs) has become common in many high frequency applications [1] . The main reasons are their high performance in terms of quality factor, and the ease of integration and manufacturing of devices made in that technology. The SIW technology has appeared in response to the emerging problem of integration of planar and non-planar circuits for high-frequency applications, since it allows the integration of waveguides on the same dielectric substrate used for the synthesis of planar transmission lines and circuits. The advantage of this scheme is clear: the whole circuit (planar circuits, transitions and waveguides) can be implemented by standard PCB techniques, as well as by any other standard planar manufacturing process.
Although performance is better in terms of quality factor than other planar circuits, SIW is not yet comparable with waveguide technology. In order to approach to the quality factor of the waveguide, different lines of work are being established in order to remove the dielectric substrate, that provides significant losses. One of these strategies is based on the new Empty SIW (ESIW) transmission line [2] , consisting in emptying, metallizing, and covering a planar substrate with a top and bottom metal cover. The structure is completed with a specific broadband transition from a microstrip line.
The need for reconfigurable devices has also led to different strategies. Many of them include the possibility of introducing a DC bias voltage in the device, acting on an additional element that is capable of modifying its response.
Obviously, this involves that the structure must be composed of more than one single conductor. This is not the case of a waveguide structure, which is completely closed on itself with a single conductor. The decoupling of waveguides has been tried in several ways. For example the Corrugated SIW (CSIW) [3] is a simple structure which provides similar results to the standard SIW case. Nevertheless both are supported on a dielectric substrate, thus having similar levels of insertion losses. In this letter, we propose DESIW as a potential alternative to all previous solutions.
Decoupled Empty Substrate Integrated Waveguide: The Empty Substrate Integrated Waveguide is a transmission line integrated in a planar substrate. The basic idea is to develop the line into three different layers, two of them are the top and bottom covers of the line, and the other is the body of the transmission line. The top and bottom covers are just two metallic layers with some holes for fastening screws, moreover the covers are welded to the body of the line in order to ensure electric continuity. The body of the line contains the microstrip line that can integrate the ESIW to any substrate based circuit, the Empty SIW itself and the transition between microstrip and ESIW. The body of the ESIW is performed by milling a PCB substrate and metallizing the side walls galvanically. The resultant structure is a waveguide of very low height, perfectly integrated in a substrate circuit and having better performance in terms of dispersion and losses than microstrip, coplanar lines and traditional SIWs.
The ESIW is a single conductor structure, i.e. a closed non dispersive transmission line, which has obvious advantages but also one disadvantage: this structure is not AC/DC decoupled, thus it can not be used to integrate elements that need a bias voltage to be operated. These elements are of great practical interest, since they can provide a certain reconfiguration range to the devices that are built using them.
This work proposes a modification of ESIW transmission line in order to make it decoupled. The basic idea is to maintain the three layers line, but milling a pattern on the surface of the top cover to separate the electric conductor.
For the fundamental mode of the waveguide, the RF electric field currents flow inside the structure. If DC decoupling is pursued, the continuity of these high frequency surface currents should be granted.
To avoid cutting the currents and inducing radiation, a new structure with the top cover divided in several isolated metal squares is designed. Thus, RF currents can flow through the grid created between the squares, preventing interruption by the discontinuity as shown in Fig. 1 . This structure, also called frequency selective surface [4] , enables the transmission in a frequency range assuring the AC/DC decoupling. The voltage difference can be applied between each small inner square and the rest of the structure. It is expected that this solution, even considering some low radiation losses, has a proper performance. In order to have access to the decoupled conductors from outside the structure, it is needed to drill a set of conducting vias in the center of each square, between the lower and upper sides of the top cover of the DESIW. In this way the bias voltage can be applied to the surface of the waveguide. Moreover different bias voltages could be applied to different sections of the waveguide, since the squares are accessible separately. Results of the transmission line: An X-band DESIW transmission line has been designed and manufactured. The dimensions of squares patches were optimized to maximize return losses and are specified in Table 1 . A two step microstrip to ESIW transition, as the one described in [5] , has been used. The geometrical dimensions have been optimized for maximizing return losses. The optimum values are shown in Table 1 . The body of the line has been manufactured using Rogers RO4003C substrate with height h =1.524 mm, r =3.55 and copper cladding of 17.5 µm.
In order to consider the possible influence of the top cover substrate in the structure behaviour, the electromagnetic response of the line was simulated using CST Studio Suite for different substrates: FR4, RO4003C, RO4360G2 and TMM10. These simulations showed that the substrate of the top cover barely influences on the performance of the line. So that, for both (top and bottom) covers of the line, a Rogers RO4003C
The first stage of the manufacturing procedure is related to the DESIW body: the substrate is partially emptied to conform the line and its sides are covered with copper by electrodeposition, then the transition is milled. Next, the top cover is manufactured: the vias that connect the inner squares to the outside of the cover are drilled and electrodeposited with copper. Then the inner squares are milled, as well as the decoupling big square of the upper side. The bottom cover acts just as a whole copper foil. The structure is welded to ensure electric continuity and it is fastened by screws. Fig. 2 shows the structure separately.
A TRL calibration kit (thru, line and short) for this line was developed and manufactured for the measurement of DESIW parameters, thus removing the additional losses introduced by the microstrip lines and involved transitions.
The response of the new DESIW is compared in Fig. 3 with the simulated data obtained with CST Studio Suite. As it can be observed, simulation and measurement are in good agreement. A comparison between DESIW results and previous works in the field is provided in Table 2 .
Moreover the transmission parameters are presented in Fig. 4 , which shows the good agreement between the simulation and the measurement, furthermore the low attenuation of the line ensures a good performance of this structure for different applications. [5] No 20 dB 0.3 dB CSIW [3] Yes 10 dB 3.5 dB SBFSS-SIW [6] Yes 12 dB 1 dB Conclusion: A novel DESIW has been designed and manufactured. Its good performance in the monomode range assures its usage for the design of several devices that require to apply a bias voltage to the whole line or to some parts of it. The scattering and the transmission parameters have been studied, concluding that the line is highly competitive when compared to recently published alternative solutions. 
